This paper presents some of the results from cross-sectional analyses and studies during air pollution alerts obtained as a part of the Six-City Study, a longitudinal study of the respiratory effects of air pollution. These analyses illustrate some of the limitations and uncertainties of epidemiologic studies. For example, an earlier report noted increased respiratory illness rates for children living in homes where gas was used for cooking. A later analysis did not confirm this. Reasons for this are explored by using different criteria and variables to be controlled for. The results illustrate that the strength of the association between cooking fuel and illness was sensitive to the definitions of the variables and the number of subjects and city cohorts. Similar examples are presented for rnness rates for four respiratory diseases: asthma, bronchitis, illness before age 2 and illness last winter. These examples of cross-sectional analyses emphasize the ambiguities of studies of possible health effects of air pollution exposures close to the present ambient air quality standards.
Introduction
This paper describes some results from crosssectional analyses and studies during air pollution alerts performed as part of the Six-City Study, a longitudinal study of the respiratory health effects of air pollution. These analyses illustrate some of the limitations and uncertainties of epidemiologic studies. We begin with a brief outline of the study design.
The Six-City Study was designed to test the adequacy of the present federal standards for SO2 and particulates, to develop data on the effects of small particles, to assess the representativeness of a central station as an index of exposure and to assess the effect of the home environment in modifying exposure as indicated by outdoor levels. We planned to study primarily chronic effects but it was soon apparent that short-term fluctuations in air pollutants, particularly in Steubenville, offered the chance to study possible acute effects.
The six cities studied were selected on the basis of their historical levels of pollutants to include clean cities, cities close to the present standards for SO2 and particulates, and cities above the standards. The six cities selected are listed in Table 1 . The time of year that the city was visited also is indicated.
Methods
Random samples of adults were selected for study in each city from various census lists that were available. We attempted to obtain 1500 adults per city. The children selected were first and second graders. Additional cohorts of chil- 7) . In a further attempt to understand the changes in pulmonary function which had been observed, these same children were tested again in the fall of 1980 for five consecutive weeks (Fig. 8) variables included in the analysis. This sensitivity will be illustrated in the analyses of the prevalence of history of respiratory illness before age 2. Second, information will be presented on rates by city for four respiratory diseases: asthma, bronchitis, illness before age 2, and respiratory illness last year. In a recent attempt to extend results reported earlier by our group (2) on the relationship between prevalence of respiratory illness before age 2 and cooking fuel, we repeated the analysis after including an additional four cohorts of children enrolled during [1978] [1979] . In this reanalysis, the association between illness before age 2 and cooking fuel was not statistically significant at the level ofp < 0.05. This led to a closer comparison of the two analyses to determine why the result was not more closely replicated. There was one obvious difference noted between the original and the more recent analysis. In the original analysis the data from 10 citycohorts were pooled over sex. In the recent analysis, data from 14 city-cohorts (an additional 1493 children) were examined separately by sex. On closer examination, several other differences in variable definition were noted between the two analyses. In the first analysis, the cooking variable contrasted homes using gas only with those using electricity only. In the more recent analysis, the cooking variable contrasted homes using some gas with those using any other fuel. In the earlier analysis, the smoking variable indicated whether anyone in the home smoked. In the later analysis, this variable indicated only maternal smoking. Finally, socioeconomic status (SES) was defined differently in the two analyses. In the first, it was based on both parents' education and occupation. In the second, it was based on a simple average of the parents' education. Table 3 gives the strength of the association between illness before age 2 and cooking fuel in various analyses conducted to investigate the differences between the original result and the more recent analysis. Results are given for the pooled data and for boys and girls examined separately. For each analysis, the number of subjects is given, and the x2 test with one degree of freedom for association between cooking fuel and illness is presented. Finally, Table 3 presents the probability value for each of the analyses.
In analysis 1 in Table 3 , reported earlier by us (2) , the data from 5660 children in 10 city-cohorts were pooled over sex and analyzed. There was a significant relationship between illness and cooking fuel (p = 0.01). Children from homes with gas cooking had higher rates of illness before age 2 than did children from homes with electric cooking. When boys and girls were analyzed separately, the relationship between illness and cooking was significant for girls (p = 0.02), but not for boys (p = 0.20), though the direction of the association was the same in both groups.
Analysis 2 was our initial reanalysis with the four added cohorts, and newly defined variables for SES, cooking fuel, and household smoking. The association between cooking and illness before age 2 did not achieve statistical significance either for girls (p = 0.12) or for boys (p = 0.48). Because of this difference in the strength of the association, we believed it would be important to test individually now changes in the analysis affected the results.
Analysis 3 is comparable to analysis 1, except that SES and the cooking variable were defined as in analysis 2. That is, it contrasted homes using any gas cooking with homes using electricity or other cooking fuels. Formerly the cooking variable had contrasted homes using only gas with homes using only electricity. In addition the definition of SES used parental education only. These changes added 167 children to the data set compared to analysis 1. For the data pooled over sex, the relationship between illness and cooking was significant (p = 0.04). When the data were stratified by sex and analyzed separately, the relationship between illness and cooking was significant for girls (p = 0.03), but not for boys (p = 0.49).
In analysis 4 we added the four new cohorts. SES, smoking, and cooking were defined as in analysis 2. For the data pooled over sex, the relationship between illness and cooking was significant (p = 0.04). When the data were stratified by sex and analyzed separately, the relationship between illness and cooking was significant for girls (p = 0.04), but not for boys (p = 0.44).
Tb explain the discrepancy between analyses 2 and 4, we assessed the differences in the specific models used. In analysis 4, the effect of gas cooking was based on the original model used in analysis 1. It included an interaction term for city-cohort, smoking, and illness prevalence, but did not include an interaction term for SES and illness. In our new analysis (analysis 2) education and illness prevalence were significantly associated and there was no interaction between citycohort, smoking, and illness. While the original model provided a satisfactory fit to the earlier data, it did not provide as adequate a fit to the enlarged data set as did a new model based on these data.
These results illustrate several problems in ex- ploratory analysis. The strength of the association between cooking fuel and illness was only modestly sensitive to the definitions of the variables (i.e., SES and cooking fuel), and to the number of subjects and city-cohorts. The initial analysis based on 10 cohorts was significant (analysis 1). The reanalysis with modified independent variables and additional cohorts was also significant (analysis 4). A lesser association was found (analysis 2) when parental education was included specifically in the analysis. This effect of model socioeconomic status (parameterized by parental education) is consistent with results reported from a similar study of children from western Pennsylvania (3).
The second example of the sensitivity of the data to the style of analysis concerns our examination of the illness rates in boys and girls. This is shown in the evaluation of illness rates for four respiratory diseases: asthma, bronchitis, illness before age 2 and illness last year. The data were from 16 city cohorts (except for illness before age 2 which was based on 14 cohorts). Analyses were conducted separately for each sex, thus providing a total of eight analyses (four diseases x two sexes). The risk factors considered in each analysis were: city, cohort, maternal smoking, age, parental education, and cooking fuel. Loglinear analysis was used to study the relationships between each disease and the risk factors. Both step-up and step-down analyses were performed, and where the results diverged, the simpler model was chosen. Details of this analysis are presented elsewhere (4 the rates were adjusted by age. For illness last year in girls, the rates were adjusted by age and maternal smoking. The rates for asthma and bronchitis are shown in Figure 9 for boys and in Figure 10 for girls. The rates for illness last year and for illness before age 2 are shown in Figure  11 for boys and in Figure 12 for girls. Although differences between cities for reported history of illness before age 2 varied according to year of enrollment for boys, the rates were averaged over city to simplify the visual presentation. For all diseases except asthma in girls, city was a significant factor. For asthma in boys, the city with the highest rate was Kingston-Harriman. For bronchitis, the cities with the highest rates for both boys and girls were Steubenville and Kingston-Harriman. For illness before age 2, the highest rate for boys was in Portage, while for girls it was in Steubenville. For illness last year, the highest rates for both sexes were in KingstonHarriman. Generalizing across the seven analyses, Steubenville and Kingston-Harriman had the highest illness rates and Watertown the lowest.
Three cities (Portage, Watertown and St. Louis) were visited in the fall, and the others were visited during the spring. Because respiratory diseases are more common during the winter, and because a recent disease is more likely to be remembered than one a season or more earlier, it is revealing to examine the rates for the cities grouped by season. With this in mind, Figure 9 shows that bronchitis was higher for boys in the spring cities, and asthma shows little seasonal effect. Figure 10 shows that bronchitis was also higher for girls in the spring cities. Figures 11  and 12 show that illness last year was higher in the spring cities. No trend was evident for illness before age 2. These data suggest that there is a bias in recall by the parents, with greater numbers of events reported for those reporting closest to the winter season just passed.
Maternal smoking was associated with history of bronchitis, illness before age 2, and illness last year in girls (p ranged from 0.04 to 0.06). Except for illness in the last year the same associations were found for maternal smoking and disease in boys (p ranged from 0.01 to 0.08). In all cases, the illness rates were higher for children whose mothers smoked.
Cooking fuel was related only to boys' bronchitis. Boys in homes where gas was used for cooking had lower bronchitis rates than boys in homes using other cooking fuels. This is in contrast to the earlier reported finding concerning illness before age 2 in which children in homes with gas cooking had higher rates than children in homes with other cooking fuels.
Discussion
These examples of cross-sectional analyses illustrate potential pitfalls in analyzing studies of possible health effects of air pollution exposures close to the present ambient air quality standards. The analyses are sensitive to the sample composition and to the assumptions and variable definitions used. In addition, there are many confounding factors and the signal-to-noise ratio is small, so that even in relatively large studies, resolution may be difficult. It is useful to define variables and analysis plans prior to beginning the analysis to avoid subjectivity and data-dependent results. We hope that the prospective aspects of our study will help provide less ambiguous measures of the health significance of low level exposure to fossil fuel air pollutants.
